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Many different agents, incding mineri oil and silicone, have the capacity to act as immunoloajal adjuvants i.e., they can contribute to the activaton of the immune stem. Some (1) , but most probably also in humans in conjunction with administration of adjuvants used in cancer therapy (2, 3) . An interesting extension of these older findings was made relatively recently when it was demonstrated that nonimmunogenic adjuvants, such as mineral oil with no content of microbial products, could also, by themselves, induce arthritis in certain arthritis-susceptible strains of rats after a single intradermal or subcutaneous injection at the root of the tail (4) .
These findings raised the question of whether substances with adjuvant properties might also contribute to arthritis development when administered in ways that are common in humans, and it was indeed demonstrated that mineral oils, without any additives, could also induce arthritis in Dark Agouti (DA) rats after percutaneous application (5 (Table 2) .
Per oralfeeding. Kaydol mineral oil (500 pl) was given to DA rats by sound feeding under ether anaesthesia daily for 5 days. The animals were thereafter examined for dinical manifestations for 7 months (Table 2) . Subcutaneous implant. A silicone breast implant was cut into 1.6-3.5 g pieces and implanted subcutaneously into a skin pocket in the back of each of 10 DA rats under Brietal anesthesia. In addition, one rat received a piece of the silicone envelope implanted in the same manner. The weight of the implant was adjusted to the rats body weight (6.8-16.4 g/kg body weight, i.e., 0.68-1.64%) to resemble the weight of a silicone breast implant in women (-1.40%). Two control rats were sham operated.
Examination and evaluation ofjoint inflammation. Animals were examined daily during the second week for clinical manifestations and onset of arthritis and thereafter two to three times every week during the first month. Severity of arthritic joints was scored using a scale of 1-4 for each paw (maximum possible score of 16 per rat) (S).
In the first series, evaluation of some cosmetic products, positive and negative controls were observed blind ( Table 1 ). The rats were coded and the results were read blind by two independent observers. In the following series, some of the observations were read blind by one independent observer. All rats were followed for at least 1 month after initial treatment.
Skin irritation test. Six DA rats were shaved in the shoulder region under Brietal anesthesia, and 400 pl Natusan Baby oil was administered onto the skin, covered with a cotton compress, and fixed with a bandage for 24 hr. Two control rats were shaved and only covered with a bandage. Macroscopic inspection of the dermis was performed after 24 hr, and skin biopsies from the treated area were taken and snap frozen. After cryostat sectioning and staining with hematoxylin and eosin (H&E), microscopic evaluation of skin biopsies was performed. Blood analysis. Retroorbital bleeding was performed under ether anesthesia at different time points after different treatments. Serum and plasma samples were stored at -20°C until assay.
Fibrinogen levels in plasma were determined in rats treated with silicone, measured by the Thrombin method (10) with the Stago reagents kit (Diagnostica Stago, Asnieres, France), and read in an autolyzer.
Examination for autoantibodies was performed without knowledge of the treatment given.
Indirect immunofluorescence (IIF) was used to screen for organ-specific autoantibodies (11 (9) . Briefly, microtiter plates were coated overnight at 40C with 50 p1/well of 10 pg/ml rat CII in PBS. Dilutions of sera and washings were made in PBS containing 0.05% Tween-20.
All tests were carried out in duplicate. Levels of anti-CII antibodies in a sample were quantified with GAR IgG antibodies conjugated to alkaline phosphatase Jackson Laboratories). The subsequent quantification of bound enzyme was performed with a paranitrophenol-containing substrate buffer in a spectrophotometer. Concentrations of anti-CII antibodies were determined by comparison with an affinity-purified rat anti-CII antibody ofknown activity. Positive samples were defined as having an absorbance greater than the mean + 2 SD ofnormal DA rats.
Histology. Ankle joints of Natusantreated animals (ID) were fixed in 4% phosphate-buffered formaldehyde and decalcified with 14% EDTA in 0.36 M NaOH for 4 weeks. After dehydration, clearing, and impregnation, the tissues were embedded in paraffin blocks, sectioned, and stained with H&E.
Lymph nodes and spleens from the same animals were fixed in formaldehyde, embedded in paraffin, sectioned, and stained with H&E.
Results
Effects ofintrade-al injection. Five out of seven assayed skin products induced polyarthritis in the DA rat ( Table 1 ). The incidence varied from 10 to 40%, and rats of both sexes were affected. Mean day of arthritis onset was between 13 and 24 days after injection. The arthritis often started symmetrically in the hind paws and later also affected the front paws. The severity of arthritis reached its maximum 2-3 weeks after injection and became less severe during the following weeks, without any detectable signs of ankylosis or functional disorders. Duration of the arthritis was from 5 to almost 9 weeks.
Intradermal injection with skin creams with high viscosity or with the vaginal gel (Fig. 1) .
Effects ofpercutaneous application. One of the products, Natusan Baby Oil, which was arthritogenic by intradermal injection, was also tested for its capacity to induce arthritis after repeated percutaneous (PC) application on abrased skin. By this route, the DA rats developed joint inflammations that were, in general, mild and transient and predominantly affected single joints in the forepaws. The mean day of onset of arthritis was 13 days after start of treatment, and the maximum arthritic score was 4. The duration of the arthritis was 4-6 days (Fig. 2) . Control rats did not develop any signs of arthritis. Skin irritation tests with Natusan Baby Oil gave no macroscopic changes of the skin, and microscopic evaluation performed on biopsies from Natusan-treated skin did not show any signs ofinflammation (data not shown).
Effects oforal soundfeeding. One of the medicinal mineral oils, Kaydol, which is permitted as a food additive and which exhibited arthritogenicity in DA rats when injected intradermally, was also investigated for its potential arthritogenicity after oral sound feeding to DA rats. However, no arthritic reaction was detected in these animals during an observation period of7 months ( Table 2) .
Effects of intravaginal application. Arthritogenicity was assesed by adminstration 12 (Table  2) . Elevated fibrinogen levels were observed in silicone treated animals on days 6 and 17 after implantation of silicone; however, these levels had decreased to those of sham operated animals a month later.
Histopathology. Histology of arthritic joints at days 21, 25, and 33 postinjection from animals injected ID with Natusan Baby Oil verified arthritic reactions with infiltration of mononuclear cells, synovitis, and marginal erosions (Fig. 3 ). Tendinitis and tendovaginitis were also evident (Fig. 4) . Histology of lymph nodes (Fig. 5 ) from the same animal showed an increased number of cells, diffuse germinal centres, and large round vesicles, probably disseminated oil droplets in the marginal zone (Fig. 6) 
Discussion
The aim of this study was to investigate if common commercially available cosmetic products that contain mineral oils or medicinal mineral oils can induce arthritis in the particularly arthritis-susceptible DA rat strain. The results dearly demonstrated that several of these products can induce arthritis with many similarities to the previously described oil-induced arthritis after intradermal administration; in addition, at least one of them can induce arthritis after percutaneous application on skin that had been moderately irritated by mechanical means.
A first conclusion of these results is that mineral oils added to the commercial cosmetic products have retained their arthritogenic Ccontained Golgi. potentials in the DA rats, even after being mixed with the many additional substances induded in the various commercial products. The variation in arthritogenicity evident between various commercial products indicates that such modifications may occur, and we do not know if the quantitative content of mineral oil in a commercial product is the only factor determining arthritogenicity in the present experimental system. A second conclusion is that at least one of the mineral oil-containing products intended for application on skin can induce arthritis in the DA rat after being applied by a method similar to that recommended for use by humans (percutaneously). We carried out this provocation on mildly abrased skin, as this procedure has previously been shown to enhance the arthritogenic effects of percutaneous exposure of mineral oil present in FIA (5) . The product that has the capacity to induce polyarthritis after either intradermal or percutaneous exposure still did not induce any irritative reaction measurable by macroscopic or microscopic investigation. This is in line with our previous observation that the effects of these nonimmunogenic adjuvants occur mainly in the regional lymph nodes (12, 13) in which the adjuvants cause activation of T lymphocytes, which have a capacity to subsequently induce arthritis (14) . This also means, however, that such substances appear to be able to induce arthritis, at least after being applied to irritated skin, without giving rise to any types of local irritative reaction of the kind that are used to screen commercial cosmetic products for potential irritation or other adverse effects.
The pathogenic mechanisms responsible for arthritis induction after exposure to nonimmunogenic adjuvants, either in the form of Freund's incomplete adjuvant or present in cosmetic products, are still not completely known, but it has been shown that several different genes, both within and outside the major histocompatibility complex, are involved (15) and that T lymphocytes are needed for disease development; oil-induced arthritis can be blocked by in vivo administration of anti-T-cell antibodies (16) . Whether the adjuvants trigger activation of T cells with a specificity for certain autoantigens (e.g., from cartilage) or whether the T cells cause arthritis by some more unspecified actions is as yet not known. The relative lack of anti-collagen II antibodies in most of the experiments may indicate that autoimmunity to collagen II is not of major importance in this context.
It is difficult to draw any firm conclusions from the relative lack of antinuclear antibodies and the presence of RF in the serum of two arthritic rats and some orally fed animals. It has previously been demonstrated that the DA rat has a high tendency for production of RF, also after systemic immunizations; this feature may obviously be related to a general high capacity of the DA rat to acquire several different autoimmune diseases, i.e. not only arthritis but also encephalitis, neuritis, and others (17) .
In the present study, only administration via the skin caused arthritis, whereas peroral or intravaginal applications did not give rise to any disease symptoms. This does not mean that administration of adjuvants via these routes can be excluded as a risk factor for arthritis development in the DA rat; we have not tested the effects of oral administration of adjuvants in conjunction with inflammation of the gut caused by some other agent, for example, thereby paralleling the situation with abrased skin.
Silicone gel from breast implants has been suggested to be an adjuvant (8) . However, silicone gel alone did not appear to be arthritogenic in our experiments, in agreement with recent reports (18) .
A major final question is obviously to what extent our present findings in the particularly arthritis-susceptible DA rat has any relevance for the situation in humans as to a potential arthritogenic capacity of any of the presently investigated cosmetic products. So far, there is no epidemiological or clinical evidence favoring a role of adjuvant-containing cosmetic products in the development of arthritis or any other inflammatory diseases. On the other hand, few studies have been performed that would have allowed any such conclusions to be drawn, particularly if a risk for such adjuvant arthritis to occur in humans should be strictly limited to individuals carrying genes which confer high arthritis susceptibility. It should also be noted that current product testing methods for local irritation in animals are probably not relevant in the identification of products with arthritogenic capacities.
There is consequently a need for wellperformed studies, which include genetic techniques for identification of subgroups of potentially arthritis-susceptible individuals, to study the possibility that some commercial cosmetic products may have a capacity to contribute to arthritis induction in humans in some individuals and in certain situations. In the meantime, further mechanistic and genetic studies in the experimental systems may be able to define the pathophysiological mechanisms of this remarkable capacity of both nonimmunogenic adjuvant oils and several commercial products containing such oils to induce a polyarthritis with many similarities to inflammatory joint disease in humans.
. ,.~~r l-l let
